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Data collection 
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dif fractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 
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Table 1 

Selected bond lengths (A). 



Ptl-Pl 
Ptl-P2 



2.2502 (7) 
2.2525 (7) 



PU-C12 
Ptl-Cll 



2.3342 (7) 
2.3454 (7) 



Key indicators: single-crystal X-ray study; T = 1 00 K; mean tr(C-C) = 0.005 A; 
R factor = 0.023; wR factor = 0.052; data-to-parameter ratio = 21 .2. 



The title compound, [PtCl^CigH^ClsP^-QI^N, packs as 
monomeric units with a square-planar geometry around the 
Pt 11 atom. The two tris(4-chlorophenyl)phosphane ligands are 
coordinated in a cis orientation, with P— Pt— P and CI— Pt— 
CI angles of 99.36 (2) and 88.02 (2)°, respectively. In the 
crystal, C— H- • -N interactions are observed between the 
phenyl rings and the acetonitrile solvent molecules. 

Related literature 

For a review on related compounds see: Spessard & Miessler 
(1996). For related structures, see: Davis & Meijboom (2011); 
Ogutu & Meijboom (2011). 



Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 




D-H 


H-A 


D- ■ A 


D-H-A 


C15-H15- ■ 


■Nl' 


0.93 


2.61 


3.437 (6) 


148 


C22-H22- • 


■Nl 


0.93 


2.59 


3.445 (4) 


153 


C56-H56- ■ 


■Nl 


0.93 


2.68 


3.523 (4) 


151 



Symmetry code: (i) — x + 2, — y + 2, — z + 1. 

Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT- 
Plus (Bruker, 2007); data reduction: SAINT-Plus and XPREP 
(Bruker, 2007); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg & 
Putz, 2005); software used to prepare material for publication: 
WinGX (Farrugia, 1999). 




Experimental 

Crystal data 

[PtCl 2 (C 18 H 12 Cl 3 P) 2 ]-C 2 H 3 N 

M, = 1038.24 

Monoclinic, Fl^/c 

a = 13.3604 (16) A 

b = 14.4950 (16) A 

c = 23.007 (3) A 

P = 120.694 (2)° 



H 3 C— C=N 



V = 3831.3 (8) A 
Z = 4 

Mo Ka radiation 
\i = 4.34 mm -1 
T = 100 K 

0.45 x 0.12 x 0.08 mm 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZQ2178). 



References 

Brandenburg, K. & Putz, H. (2005). DIAMOND. Crystal Impact GbR, Bonn, 
Germany. 

Bruker (2007). APEX2, SAINT-Plus, XPREP and SADABS. Bruker AXS 

Inc., Madison, Wisconsin, USA. 
Davis, W. L. & Meijboom, R. (2011). Acta Cryst. E67, ml800. 
Farrugia, L. J. (1999). /. Appl. Cryst. 32, 837-838. 
Ogutu, H. & Meijboom, R. (2011). Acta Cryst. E67, ml662. 
Sheldrick, G. M. (2008). ,4cta Cryst. A64, 112-122. 

Spessard, G. O. & Miessler, G. L. (1996). Organometallic Chemistry, pp. 131- 
135. New lersey: Prentice Hall. 



Acta Cryst. (2012). E68, m1229 



doi:10.1 107/S1 60053681 20371 66 



Meijboom et a/. Itl1229 



supplementary materials 



supplementary materials 



Acta Cryst. (2012). E68, ml229 [doi:10.1107/S1600536812037166] 

cis-Dichloridobis[tris(4-chlorophenyl)phosphane-K-P]platinum(ll) acetonitrile 
monosolvate 

Reinout Meijboom, Leo Kirsten and Thapelo Mbhele 

Comment 

Transition metal complexes containing phosphane, arsine and stibine ligands are widely being investigated in various 
fields of organometallic chemistry (Spessard & Miessler, 1996). As part of a systematic investigation involving 
complexes with the general formula trans/cis-[MX 2 (L) 2 ] (M= Pt, Pd or Rh; X= halogen, Me, Ph; L = Group 15 donor 
ligand), crystals of the title compound were obtained. 

[PtCl 2 (X)2] (L = tertiary phosphane, arsine or stibine) complexes can conveniently be prepared by the substitution of 1,5- 
cyclooctadiene (COD) from [PtCl 2 (COD)]. The title compound, c/s-fPtC^CigH^ChP^] crystallizes in the monoclinic 
spacegroup P2i/c, with the Pt atom on a general position. The cis coordination of the two phosphane ligands results in a 
distorted square-planar geometry around the Pt atom. This distortion is exemplified by the P1-PU-P2 bond angle of 
99.36 (2) ° and the Cll-Ptl-C12 bond angle of 88.02 (2) °. The Pt— P bond lengths are 2.2502 (7) and 2.2525 (7) A, and 
the Pt — CI bond lengths are 2.3342 (7) and 2.3454 (7) A, respectively. The title compound crystallized as a solvated 
complex with one acetonitrile moiety per molecule. 

The title compound compares well with other closely related Pt(II) complexes from the literature containing two chloro 
and two tertiary phosphane ligands in a cis geometry (Davis & Meijboom, 2011; Ogutu & Meijboom, 2011). The Pt-Cl 
and Pt-P bond lengths compare well with the typical values for complexes of this kind. 

In the crystal structure, intermolecular C — H— N interactions are observed between phenyl rings and the acetonitrile 
solvent molecules. 

Experimental 

Tris(4-chlorophenyl)phosphane (0.1235 g, 0.34 mmol) was dissolved in ethanol (25 cm 3 ). Pt(COD)Cl 2 (0.05 g, 0.17 
mmol) was added to the solution and the mixture was allowed to reflux for 24 h. The solvent was evaporated and a white 
solid was obtained. Colourless crystals were obtained by recrystallization from acetonitrile, crystals suitable for a single- 
crystal X-ray diffraction study. 

Refinement 

All H positions were calculated after each cycle of refinement using a riding model, with C — H = 0.93 A and U^QX) = 
1.2C/ eq (C) for aromatic H atoms, and with C— H = 0.96 A and U iS0 (K) = 1.5C/ eq (C) for methyl H atoms. 

Computing details 

Data collection: APEX2 (Broker, 2007); cell refinement: SAINT-Plus (Broker, 2007); data reduction: SAINT-Plus and 
XPREP (Broker, 2007); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg & Putz, 2005); software used to 
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Figure 1 

Representation of the title compound, showing the numbering scheme and displacement ellipsoids (50% probability). For 
the carbon rings, the first digit refers to ring number, second digit to atom in the ring. Hydrogen atoms omitted for clarity 
(except when involved in intermolecular interactions). 



c;'s-Dichloridobis[tris(4-chlorophenyl)phosphane-/tP]platinum(ll) acetonitrile monosolvate 



Crystal data 

[PtCl z (C I8 H 12 Cl 3 P) 2 ]-C2H 3 N 

M r = 1038.24 

Monoclinic, P2\lc 

Hall symbol: -P 2ybc 

a = 13.3604(16) A 

b= 14.4950(16) A 

c = 23.007 (3) A 

P= 120.694 (2)° 

V= 3831.3 (8) A 3 

Z=4 

Data collection 

Bruker X8 APEXII 4K KappaCCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 



F(000) = 2024 

D x = 1.800 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 9894 reflections 

(9 = 2.5-28.3° 

fi = 4.34 mm -1 

T= 100 K 

Plate, colourless 

0.45 x 0.12 x 0.08 mm 



f and m scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 



0.563, r max = 0.746 
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61516 measured reflections 
9570 independent reflections 
8248 reflections with/> 2a(T) 
^, = 0.044 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > laiF 1 )] = 0.023 

wRiF 2 ) = 0.052 

S = 1.03 

9570 reflections 

452 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



#max - 28.4°, 6Un — 1-7° 

h = -17— >17 
£ = -19—13 
/=-30-> 30 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[a 2 (F 2 ) + (0.0147P) 2 + 7.3P] 

where P = {F 2 + 2F 2 )/3 
(A/(7) max = 0.003 
A/w = 1.05 e A" 3 
A/w = -0.82 e A~ 3 



Special details 

Experimental. The intensity data was collected on a Bruker X8 Apex II 4 K Kappa CCD diffractometer using an 
exposure time of 20 s/frame. A collection frame width of 0.5 ° covering up to 6 = 28.4° resulted in 99% completeness 
accomplished. 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2a{F 1 ) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates 


and isotropic or equivc 


dent isotropic displacement parameters (A 2 ) 




X 


y 


z 


II *IIJ 

^ iso ' ^ eq 


Ptl 


0.585232 (9) 


0.825075 (7) 


0.384838 (5) 


0.01073 (3) 


PI 


0.67506 (6) 


0.82097 (5) 


0.49834 (3) 


0.01152(12) 


P2 


0.59721 (6) 


0.67465 (5) 


0.36454 (3) 


0.01171 (12) 


Cll 


0.48595 (6) 


0.83719 (5) 


0.26666 (3) 


0.01794(13) 


C12 


0.55243 (6) 


0.98251 (5) 


0.38877 (3) 


0.01816(13) 


C13 


0.86117(7) 


1.19197 (5) 


0.66505 (4) 


0.02474(15) 


C14 


1.17326 (7) 


0.63784 (7) 


0.66162 (4) 


0.0355 (2) 


C15 


0.32156 (6) 


0.68604 (5) 


0.58652 (3) 


0.02180(15) 


C16 


0.89015 (7) 


0.41498 (6) 


0.61659(4) 


0.02883 (17) 


C17 


0.89339 (6) 


0.61938 (6) 


0.22381 (3) 


0.02344 (15) 


C18 


0.12024 (7) 


0.45956 (6) 


0.24527 (4) 


0.02725 (16) 


Cll 


0.7229 (2) 


0.93258 (19) 


0.54104(12) 


0.0137(5) 


C12 


0.6572 (2) 


0.97964 (19) 


0.56300 (13) 


0.0159(5) 


H12 


0.5848 


0.9568 


0.5525 


0.019* 


C13 


0.6988 (3) 


1.0603 (2) 


0.60045 (13) 


0.0179 (6) 


H13 


0.6558 


1.0907 


0.6161 


0.021* 


C14 


0.8044 (3) 


1.09449(19) 


0.61390(13) 


0.0181 (6) 


C15 


0.8684 (3) 


1.0529 (2) 


0.58937 (14) 


0.0192 (6) 


H15 


0.9375 


1.0791 


0.5968 


0.023* 
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/-II/ 

C16 


0.8277 (2) 


A A*7 1 1 /1\ 

0.9711 (2) 


0.55335 


/1 0\ 

(13) 


A A 1 £. A 

0.0169 


TT1 /■ 

H16 


/"> o t at 

0.8707 


0.9417 


0.5373 




A A1 Ask 

0.020* 


L21 


a o 1 1 o /i\ 

0.8113 (2) 


A TC/TOO / 1 A\ 

0.75688 (19) 


A C /II 1 1 

0.54211 


/I 0\ 

(13) 


A A 1 O O 

0.0138 


Liz 


0.8897 (2) 


A H £ £ AO / 1 AS 

0.76648 (19) 


A C 1 AAA 

0.51909 


/1 0\ 

(13) 


A A1 /C A 

0.0164 


t to 1 


0.867U 


A "7 AO 1 

0.7981 
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0.4791 




A AlAsk 

0.020* 


r^o o 

C23 


1 AAAC ZO\ 

1.0005 (3) 
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A fffl A 

0.55510 


/ 1 y| \ 

(14) 


A A 1 AO 
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T 11 1 

H23 


1 AM 1 

1.0521 


A TO /" 1 

0.7361 


AO A/" 

0.5396 




A A1 A sfc 

0.024* 


r^o /i 

L24 


1 AT O C /O \ 
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A £OTC /OS 

0.6825 (2) 


0.61467 


(14) 


A A1AO 

0.0208 


pic 

C25 
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A z^o HH 1 
(J. 63 / / 1 
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A A O AO 
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0.6974 
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L32 
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n 1 ion 
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0.7675 


1.1159 


0.4217 


0.066* 



Atomic displacement parameters (A 2 ) 
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(4) 


0.0156 (4) 


0.0128 


(3) 


0.0206 (4) 


C15 


0.0199 


(3) 


0.0288 


(4) 


0.0209 


(3) 


-0.0030 (3) 


0.0135 


(3) 


0.0013 (3) 


C16 


0.0252 


(4) 


0.0309 


(4) 


0.0222 


(3) 


0.0049 (3) 


0.0062 


(3) 


0.0138 (3) 


C17 


0.0183 


(3) 


0.0373 


(4) 


0.0163 


(3) 


0.0059 (3) 


0.0100 


(3) 


0.0005 (3) 


C18 


0.0200 


(4) 


0.0290 


(4) 


0.0355 


(4) 


-0.0098 (3) 


0.0162 


(3) 


-0.0115 (3) 


Cll 


0.0142 


(13) 


0.0126 


(13) 


0.0113 


(11) 


-0.0004 (10) 


0.0044 


(10) 


0.0003 (9) 


C12 


0.0138 


(13) 


0.0143 


(13) 


0.0173 


(12) 


0.0002(11) 


0.0062 


(11) 


0.0019(10) 


C13 


0.0206 


(15) 


0.0149 


(14) 


0.0176 


(13) 


0.0030(11) 


0.0093 


(12) 


0.0013 (10) 


C14 


0.0212 


(15) 


0.0136 


(14) 


0.0132 


(12) 


-0.0020(11) 


0.0044 


(11) 


-0.0013 (10) 


C15 


0.0173 


(14) 


0.0198 


(15) 


0.0195 


(13) 


-0.0045 (12) 


0.0088 


(12) 


-0.0025 (11) 


C16 


0.0185 


(14) 


0.0180 


(14) 


0.0169 


(12) 


-0.0017(12) 


0.0109 


(11) 


-0.0024(10) 


C21 


0.0129 


(13) 


0.0137 


(13) 


0.0132 


(12) 


-0.0012 (10) 


0.0054 


(10) 


-0.0018 (10) 


C22 


0.0191 


(14) 


0.0164 


(14) 


0.0142 


(12) 


0.0004(11) 


0.0088 


(11) 


0.0002 (10) 


C23 


0.0165 


(14) 


0.0244 


(16) 


0.0199 


(13) 


0.0004 (12) 


0.0104 


(12) 


0.0014(11) 


C24 


0.0143 


(14) 


0.0225 


(16) 


0.0203 


(13) 


0.0025 (12) 


0.0049 


(11) 


0.0029 (12) 


C25 


0.0196 


(14) 


0.0219 


(15) 


0.0154 


(12) 


0.0029 (12) 


0.0071 


(11) 


0.0039(11) 


C26 


0.0163 


(14) 


0.0167 


(13) 


0.0149 


(12) 


-0.0009(11) 


0.0080 


(11) 


-0.0004 (10) 


C31 


0.0153 


(13) 


0.0119 


(13) 


0.0123 


(11) 


0.0015 (11) 


0.0069 


(10) 


0.0010 (9) 


C32 


0.0165 


(14) 


0.0157 


(14) 


0.0104 


(11) 


0.0011 (11) 


0.0059 


(11) 


0.0006(10) 


C33 


0.0132 


(13) 


0.0155 


(14) 


0.0154 


(12) 


-0.0003 (11) 


0.0047 


(11) 


0.0016(10) 


C34 


0.0174 


(14) 


0.0113 


(13) 


0.0201 


(13) 


-0.0005 (11) 


0.0120 


(11) 


0.0017(10) 


C35 


0.0211 


(15) 


0.0175 


(14) 


0.0133 


(12) 


0.0014(12) 


0.0092 


(11) 


0.0008 (10) 


C36 


0.0146 


(13) 


0.0163 


(14) 


0.0122 


(12) 


-0.0012 (11) 


0.0052 


(10) 


-0.0014(10) 


C41 


0.0169 


(14) 


0.0100 


(12) 


0.0139 


(12) 


-0.0003 (10) 


0.0074 


(11) 


-0.0003 (9) 


C42 


0.0156 


(14) 


0.0121 


(13) 


0.0186 


(13) 


0.0007(11) 


0.0084 


(11) 


0.0000(10) 


C43 


0.0229 


(15) 


0.0169 


(14) 


0.0176 


(13) 


-0.0033 (12) 


0.0115 


(12) 


0.0011 (11) 


C44 


0.0196 


(14) 


0.0150 


(14) 


0.0154 


(12) 


0.0020(12) 


0.0045 


(11) 


0.0054 (10) 


C45 


0.0147 


(14) 


0.0195 


(15) 


0.0196 


(13) 


0.0023 (12) 


0.0056 


(11) 


0.0041 (11) 


C46 


0.0166 


(14) 


0.0170 


(14) 


0.0165 


(12) 


-0.0001 (11) 


0.0080 


(11) 


0.0009(10) 


C51 


0.0146 


(13) 


0.0130 


(13) 


0.0116 


(11) 


0.0027 (10) 


0.0061 


(10) 


0.0012 (9) 


C52 


0.0190 


(14) 


0.0160 


(14) 


0.0139 


(12) 


-0.0002 (11) 


0.0075 


(11) 


-0.0008 (10) 
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CD3 


A AOOO /l c\ 

U.Uzjo (ID) 


A A 1 OA (\ A\ 

U.UloU (14) 


a nm i\ oa 
U.U13Z (lz) 


A AAO A /1 OA 

U.UUZO (lz) 


A AA"70 (\ OA 
U.UU/5 (IZ) 


A AAOO" 1 \ AA 
— U.UU3 / (1U) 


C54 


0.01 /6 (14) 


A A0 1 £ /I c\ 

0.0236 (ID) 


A A11A / 1 O A 

0.0110 (lz) 


A AACA / 1 O A 

0.0069 (Iz) 


A AAZC { 1 1 A 
0.0065 (11) 


A A AO C / 1 AA 
0.0035 (10) 


Cdd 


A A 1 /I O / 1 /I A 

0.0148 (14) 


A A 1 OA / 1 A\ 

0.0186 (14) 


A A1 7^ / 1 O A 
0.U1 /6 (1 3) 


A AAAC / 1 1 A 
"0.0005 (11) 


A AATJ /in 
0.00/3 (11) 


A AA1 O /I n 
0.0018 (11) 


CDo 


a moo ^1 ^a 
U.UZZZ (ID) 


A A1 /IO i\ A\ 

U.U14Z (14) 


A A1 AO /1 oa 
U.Uloz (Iz) 


A AA1 O (*\ OA 
— 0.UU13 (IZ) 


A A 1 A/1 /1 OA 

U.U1U4 (lz) 


A AAO 1 / 1 AA 

—V.uvZl (1U) 


Col 


A A110 i \ OA 

U.U135 (13) 


A A1 /I OA 

U.U1D4 (13) 


A A11A /1 1 A 

u.ui iy (ii) 


A AA1 £ /I 1 A 

— U.UUlo (11) 


A AA^/l f1 A A 
U.UUD4 (1U) 


A AA1 O /1 AA 
— U.UUly (1U) 


r^o 
C6z 


a ahc / 1 /i A 
0.01 id (14) 


AA1CO / 1 /I A 

0.01D8 (14) 


A A 1 HCI i 1 OA 

o.ui /y (iz) 


A A A 1 O { 1 1 A 

O.OOlz (11) 


A AAOZ / 1 1 A 
0.0086 (11) 


A A A AT / 1 1 A 

—0.000/ (11) 


C63 


A AO AO / 1 <A 

U.U/uy (ID) 


U.UIjo (14) 


A AO 10 ^1 1\ 

U.Uzlz (13 ) 


A AAO£ /I Ti 

— U.UUzo (Iz) 


A AAOO" f\ OA 

u.uuy / (IZ) 


A AAO 1 / 1 1 \ 

— U.UU3 1(11) 


C64 


A A 1 OA / 1 A\ 
0.01 /0 (14) 


O.OZZZ (ID) 


a Ano /i i\ 
0.01 /8 (13) 


A AA1A i 1 OA 

—0.00 /0 (lz) 


A A 1 A A ( 1 1 A 
U.01U0 (11) 


A AACA / 1 1 A 

—0.0059 (11) 


C65 


0.0148(14) 


0.0218 (15) 


0.0215 (14) 


0.0024 (12) 


0.0083 (12) 


-0.0038 (11) 


C66 


0.0160(13) 


0.0146(14) 


0.0159(12) 


0.0016(11) 


0.0065 (11) 


-0.0011 (10) 


Nl 


0.048 (2) 


0.0372 (19) 


0.0442(18) 


-0.0025 (16) 


0.0331 (17) 


0.0010(14) 


CI 


0.043 (2) 


0.031 (2) 


0.0359(18) 


-0.0123 (17) 


0.0299 (17) 


-0.0069 (15) 


C2 


0.060 (3) 


0.031 (2) 


0.056 (2) 


-0.0096 (19) 


0.040 (2) 


-0.0040 (17) 



Geometric parameters (A, ") 


Ptl— PI 


2.2502 (7) 


C33— H33 


0.9300 


Ptl— P2 


2.2525 (7) 


C34— C35 


1.382 (4) 


Ptl— C12 


2.3342 (7) 


C35— C36 


1.385 (4) 


Ptl— Cll 


2.3454 (7) 


C35— H35 


0.9300 


PI— C31 


1.820 (3) 


C36— H36 


0.9300 


PI— C21 


1.821 (3) 


C41— C46 


1.393 (4) 


PI— Cll 


1.830 (3) 


C41— C42 


1.400 (4) 


P2— C51 


1.820 (3) 


C42— C43 


1.381 (4) 


P2— C41 


1.826 (3) 


C42— H42 


0.9300 


P2— C61 


1.826 (3) 


C43— C44 


1.381 (4) 


C13— C14 


1.745 (3) 


C43— H43 


0.9300 


C14— C24 


1.736 (3) 


C44 C45 


1.384 (4) 


C15— C34 


1.734 (3) 


C45— C46 


1.388 (4) 


C16— C44 


1.732 (3) 


C45— H45 


0.9300 


C17— C54 


1.742 (3) 


C46— H46 


0.9300 


C18— C64 


1.735 (3) 


C51— C52 


1.393 (4) 


Cll— C12 


1.394 (4) 


C51— C56 


1.394 (4) 


Cll— C16 


1.396 (4) 


C52— C53 


1.390 (4) 


C12— C13 


1.390 (4) 


C52— H52 


0.9300 


C12— H12 


0.9300 


C53— C54 


1.381 (4) 


C13— C14 


1.374 (4) 


C53— H53 


0.9300 


C13— H13 


0.9300 


C54— C55 


1.383 (4) 


C14— C15 


1.381 (4) 


C55— C56 


1.392 (4) 


C15— C16 


1.388 (4) 


C55— H55 


0.9300 


C15— H15 


0.9300 


C56— H56 


0.9300 


C16— H16 


0.9300 


C61— C66 


1.396 (4) 


C21— C26 


1.395 (4) 


C61— C62 


1.400 (4) 


C21— C22 


1.402 (4) 


C62— C63 


1.390 (4) 


C22— C23 


1.383 (4) 


C62— H62 


0.9300 


C22— H22 


0.9300 


C63— C64 


1.384 (4) 


C23— C24 


1.385 (4) 


C63— H63 


0.9300 


C23— H23 


0.9300 


C64— C65 


1.381 (4) 


C24— C25 


1.379 (4) 


C65— C66 


1.390 (4) 


C25— C26 


1.386 (4) 


C65— H65 


0.9300 
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C25— H25 


0.9300 


C66— H66 


0.9300 


C26— H26 


0.9300 


Nl— CI 


1.130 (5) 


C31— C32 


1.388 (4) 


CI— C2 


1.458 (6) 


C31— C36 


1.404 (3) 


C2— H2A 


0.9600 


C32— C33 


1.388 (4) 


C2— H2B 


0.9600 


C32— H32 


0.9300 


C2— H2C 


0.9600 


C33— C34 


1.387 (4) 






PI— Ptl— P2 


99.36 (2) 


C34— C35— H35 


120.5 


PI— Ptl— C12 


88.87 (2) 


C36— C35— H35 


120.5 


P2— Ptl— C12 


171.49 (2) 


C35— C36— C31 


120.8 (3) 


PI— Ptl— Cll 


176.65 (3) 


C35— C36— H36 


119.6 


P2— Ptl— Cll 


83.69 (2) 


C31— C36— H36 


119.6 


C12— Ptl— Cll 


88.02 (2) 


C46— C41— C42 


119.0(2) 


C31— PI— C21 


108.88 (12) 


C46— C41— P2 


121.3 (2) 


C31— PI— Cll 


103.33 (12) 


C42— C41— P2 


119.7 (2) 


C21— PI— Cll 


100.23 (12) 


C43— C42— C41 


120.9 (3) 


C31— PI— Ptl 


111.04 (9) 


C43— C42— H42 


119.5 


C21— PI— Ptl 


116.46 (8) 


C41— C42— H42 


119.5 


Cll— PI— Ptl 


115.65 (8) 


C42— C43— C44 


118.7 (3) 


C51— P2— C41 


102.20 (12) 


C42— C43— H43 


120.6 


C51— P2— C61 


110.27(12) 


C44 C43 H43 


120.6 


C41— P2— C61 


99.83 (13) 


C43— C44— C45 


121.8 (3) 


C51— P2— Ptl 


110.17 (9) 


C43— C44— C16 


119.8 (2) 


C41— P2— Ptl 


119.83 (9) 


C45 C44 C16 


118.4(2) 


C61— P2— Ptl 


113.57 (9) 


C44— C45— C46 


119.0 (3) 


C12— Cll— C16 


118.9 (3) 


C44— C45— H45 


120.5 


C12— Cll— PI 


121.0 (2) 


C46— C45— H45 


120.5 


C16— Cll— PI 


120.1 (2) 


C45— C46— C41 


120.5 (3) 


C13— C12— Cll 


120.7 (3) 


C45— C46— H46 


119.8 


C13— C12— H12 


119.7 


C41— C46— H46 


119.8 


Cll— C12— H12 


119.7 


C52— C51— C56 


119.3 (2) 


C14— C13— C12 


118.9(3) 


C52— C51— P2 


123.1 (2) 


C14— C13— H13 


120.6 


C56— C51— P2 


117.26(19) 


C12— C13— H13 


120.6 


C53— C52— C51 


120.3 (3) 


C13— C14— C15 


122.0 (3) 


C53— C52— H52 


119.8 


CI 3— CI 4— C13 


119.1 (2) 


C51— C52— H52 


119.8 


CI 5— CI 4— C13 


118.9 (2) 


C54— C53— C52 


119.2 (3) 


C14— C15— C16 


118.8 (3) 


C54— C53— H53 


120.4 


C14— C15— H15 


120.6 


C52— C53— H53 


120.4 


C16— C15— H15 


120.6 


C53— C54— C55 


121.8 (3) 


C15— C16— Cll 


120.6 (3) 


C53— C54— C17 


119.1 (2) 


C15— C16— H16 


119.7 


C55— C54— C17 


119.1 (2) 


Cll— C16— H16 


119.7 


C54— C55— C56 


118.6 (3) 


C26 C21 C22 


118.4 (3) 


C54 C55 H55 


120.7 


C26— C21— PI 


123.3 (2) 


C56— C55— H55 


120.7 


C22— C21— PI 


118.0(2) 


C55— C56— C51 


120.7 (3) 


C23— C22— C21 


120.9 (2) 


C55— C56— H56 


119.6 


C23— C22— H22 


119.6 


C51— C56— H56 


119.6 
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C21— C22— H22 
C22— C23— C24 
C22— C23— H23 
C24— C23— H23 
C25— C24— C23 
C25— C24— C14 
C23— C24— C14 
C24— C25— C26 
C24— C25— H25 
C26— C25— H25 
C25— C26— C21 
C25— C26— H26 
C21— C26— H26 
C32— C31— C36 
C32— C31— PI 
C36— C31— PI 
C33— C32— C31 
C33— C32— H32 
C31— C32— H32 
C34— C33— C32 
C34— C33— H33 
C32— C33— H33 
C35— C34— C33 
C35— C34— C15 
C33— C34— C15 
C34— C35— C36 



119.6 

119.1 (3) 

120.4 

120.4 

121.5 (3) 

118.7(2) 

119.8(2) 

119.1 (3) 

120.5 

120.5 

121.1 (3) 

119.5 

119.5 

118.5 (2) 

119.19(19) 

122.1 (2) 

121.3 (2) 

119.3 

119.3 

118.7(3) 

120.7 

120.7 

121.6(2) 

119.5 (2) 

118.9(2) 

119.0(2) 



C66— C61— C62 
C66— C61— P2 
C62— C61— P2 
C63— C62— C61 
C63— C62— H62 
C61— C62— H62 
C64— C63— C62 
C64— C63— H63 
C62— C63— H63 
C65— C64— C63 
C65— C64— C18 
C63— C64— C18 
C64— C65— C66 
C64— C65— H65 
C66— C65— H65 
C65— C66— C61 
C65— C66— H66 
C61— C66— H66 
Nl— CI— C2 
CI— C2— H2A 
CI— C2— H2B 
H2A— C2— H2B 
CI— C2— H2C 
H2A— C2— H2C 
H2B— C2— H2C 



119.1 (3) 

121.6(2) 

119.1 (2) 

120.6(3) 

119.7 

119.7 

119.0(3) 

120.5 

120.5 

121.4 (3) 
120.0 (2) 
118.6(2) 

119.5 (3) 
120.3 
120.3 
120.3 (3) 
119.8 
119.8 
179.8 (7) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 



P2— Ptl— PI— C31 
P2— Ptl— PI— C21 
C12— Ptl— PI— C21 
P2— Ptl— PI— Cll 
C12— Ptl— PI— Cll 
PI— Ptl— P2— C51 
PI— Ptl— P2— C41 
Cll— Ptl— P2— C41 
PI— Ptl— P2— C61 
Cll— Ptl— P2— C61 
C31— PI— Cll— C12 
C21— PI— Cll— C12 
Ptl— PI— Cll— C12 
C31— PI— Cll— C16 
C21— PI— Cll— C16 
Ptl— PI— Cll— C16 
C16— Cll— C12— C13 
PI— Cll— C12— C13 
Cll— C12— C13— C14 
C12— C13— C14— C15 
C12— C13— C14— C13 
C13— C14— C15— C16 



-78.88 (10) 
46.48 (10) 
-135.67 (10) 
163.81 (10) 
-18.35 (10) 
-124.32 (9) 
-6.29(11) 
175.10(11) 
111.42 (9) 
-67.19(9) 
-22.4 (2) 
-134.8(2) 
99.2 (2) 

156.3 (2) 
43.9(2) 
-82.1 (2) 
-4.3 (4) 

174.4 (2) 
1.8(4) 
2.3 (4) 
-176.3 (2) 
-3.8 (4) 



C33— C34— C35— C36 
C15— C34— C35— C36 
C34— C35— C36— C31 
C32— C31— C36— C35 
PI— C31— C36— C35 
C51— P2— C41— C46 
C61— P2— C41— C46 
Ptl— P2— C41— C46 
C51— P2— C41— C42 
C61— P2— C41— C42 
Ptl— P2— C41— C42 
C46— C41— C42— C43 
P2— C41— C42— C43 
C41— C42— C43— C44 
C42— C43— C44— C45 
C42— C43— C44— C16 
C43— C44— C45— C46 
C16— C44— C45— C46 
C44— C45— C46— C41 
C42— C41— C46— C45 
P2— C41— C46— C45 
C41— P2— C51— C52 



-0.9 (4) 
179.9 (2) 
-0.6 (4) 
1.7(4) 
176.4 (2) 

19.2 (3) 
132.6 (2) 
-102.8 (2) 
-162.1 (2) 
-48.7 (2) 
75.8 (2) 
2.2 (4) 
-176.5 (2) 
-1.2 (4) 
-0.2 (4) 

178.8 (2) 
0.7 (4) 
-178.3 (2) 
0.3 (4) 
-1.7(4) 

176.9 (2) 

77.3 (2) 
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C13 — C 1 4 — C 1 5 — C 1 o 


1 H A O ZO\ 

174.8 (2) 




p £ 1 T»0 PC 1 PCO 

C61 — rz — C51 — C52 


—28.2 (3) 


f • 1 < /--I 1 c P 1 P P 1 1 

C 1 4 — C 1 5 — C 1 6 — C 1 1 


1.2 (4) 




r\, 1 no P C 1 P C O 

Ptl — P2 — C51 — C52 


-154.3 (2) 


/-in ni 1 P' 1 P pif 

C 12 — C 1 1 — C 16 — C 1 5 


O O / A 

2.7 (4) 




C41 — P2 — C51 — C56 


A/T 1 ZO\ 

-96.1 (2) 


D 1 rii i pi p pic 

rl — Cll — C16 — C15 


1 T/ f\ /0\ 

-176.0 (2) 




C61 — P2 — C51 — C56 


158.5 (2) 


1 ni poi p o p 

C31 — rl — C21 — C26 


1 O £ /O A 

—18.6 (3) 




1 r>o pri pf / 

Ptl — rz — C5 1 — C56 


oo o /o\ 

32.3 (2) 


Cll — P 1 — C2 1 — C2 6 


on a /o\ 

89.4 (2) 




C ' C /_ PC 1 PCO Pf o 

C56 — C51 — C52 — C53 


O 1 / /I \ 

2.1 (4) 


Ptl — PI — C21 — G26 


1 A C 1 ZO\ 

-145.1 (2) 




no pci pco pco 

P2 — C5 1 — C52 — C53 


ini 1 ZO\ 

-171.1 (2) 


PO 1 n 1 P11 P"" O O 

Col — rl — C21 — C22 


1 O A ZO\ 

168. U (2) 




pri PCO /""Ci PC/1 

C5 1 — C5z — C5i — C54 


AT //I \ 

0.3 (4) 


pi 1 T>1 PH P' O O 

C 1 1 — P 1 — Cz 1 — Czz 


O /I A ZO\ 

-84.0 (2) 




pro PC0 p C /I PCC 

C5z — C5i — C54 — C55 


O O / A \ 

-2.3 (4) 


i~>j_ i n i /"< o i poo 

rt 1 — P 1 — Cz 1 — Czz 


A 1 £ ZO\ 

41.6 (2) 




pro pro PC/1 pi o 

C52 — C53 — L54 — L17 


1 OO H ZO\ 

178.7 (2) 


PO £ pti P M o o p/n 

Czo — Cz 1 — Czz — C23 


O 1 / A \ 

-2.1 (4) 




C53 — C54 — C55 — L56 


1 O //1\ 

1.7 (4) 


T"\ 1 pi| P' O O POO 

r 1 — Cz 1 — Czz — C23 


ni p /o\ 

171.6 (2) 




pin PC/1 pre PCjC 

C17 — C54 — C55 — C56 


1 OA O ZO\ 

-179.3 (2) 


p^i poo r")i P O /I 

Czl — Czz — C23 — Cz4 


A A f A\ 

0.0 (4) 




p C /] Pf r p c /I pri 

C j4 — Cjj — C^6 — Cj 1 


A O //1\ 

0.8 (4) 


POO POI PO /I POC 

Czz — Czi — C24 — C25 


1.8 (5) 




PCO PC1 pc/: PCC 

C52 — C5 1 — C56 — C55 


O H //I \ 

-2.7 (4) 


P O O P O 1 PO A PI ,1 

C22 — C23 — C24 — C14 


1 1 0 P /o\ 

-178.6 (2) 




no p c 1 p c p p c c 

P2 — C5 1 — C56 — C55 


1 OA A /O \ 

170.9 (2) 


POO po A POC /■ 1 O /_ 

Czi — C24 — C25 — Czo 


1 C /C\ 

-1.5 (5) 




pri TIO p p 1 c /_ /_ 

C5 1 — P2 — C61 — C66 


1 1 A O ZO\ 

-119.2 (2) 


r ' 1 i po /I roc p ^ o /. 

C14 — C24 — Czj — Czo 


l /8.9 (z) 




c ' a i no pv- 1 p// 
C41 — rz — C61 — C6o 


133.8 (2J 


PO /I POC PO/" PO 1 

C24 — C25 — C26 — C2 1 


A O / A \ 

-0.7 (4) 




mi t»o PP1 ppp 

Ptl — P2 — C61 — C66 


C A ZO\ 

5.0 (2) 


P O O P O 1 PO P P o c 

C22 — C2 1 — C26 — C25 


2.5 (4) 




P C 1 TiO P P 1 P PO 

C51 — P2 — C61 — C62 


66.5 (2) 


T\ 1 PO 1 /' 1 O P POC 

rl — Czl — Czo — C25 


1 OA A ZO\ 

-170.9 (2) 




p /I 1 pi o PP"1 p~< p O 

C41 — P2 — C61 — C62 


A (\ C ZO\ 

-40.5 (2) 


po 1 r>i ni poo 

Cz 1 — PI — Ci 1 — C32 


-125.8 (2) 




tyj-1 no p i ppo 

Ptl — P2 — C61 — C62 


1 /:n o o { 1 o\ 

-169.33 (18) 


pi 1 T»1 PI 1 POO 

Cll — PI — Ci 1 — Ciz 


128.3 (2) 




f ^ /- p PP1 p p O p p O 

C66 — C6 1 — C62 — C63 


-0.6 (4) 


Ptl — PI — C31 — C32 


3.7 (2) 




no p p 1 p p o p p *) 

P2 — C61 — C62 — C63 


1 0 1 A /O \ 

173.9 (2) 


PO 1 Tt 1 po 1 po£ 

C2l — PI — C31 — C36 


cn c /o\ 

59.5 (3) 




p p 1 P/TO /" ■• p 0 PP/1 

C61 — C62 — C63 — C64 


-2.0 (4) 


Cll — PI — C31 — Ljo 


—46.4 (3) 




r^^o ft^i r~*£A ft^z 
C 62 — C 6 3 — C 64 — L 6 5 


O A (A \ 

2.9 (4) 




— 1 71 ft (7\ 




C(\l Cfi,T. Cf.d MR 


— 1 76 7 (1\ 


C36— C31— C32— C33 


-1.4 (4) 




C63— C64— C65— C66 


-1.3 (4) 


PI— C31— C32— C33 


-176.3 (2) 




C18— C64— C65— C66 


178.4 (2) 


C31— C32— C33— C34 


0.0 (4) 




C64— C65— C66— C61 


-1.4 (4) 


C32— C33— C34— C35 


1.2 (4) 




C62— C61— C66— C65 


2.3 (4) 


C32— C33— C34— C15 


-179.6(2) 




P2— C61— C66— C65 


-172.0(2) 


Hydrogen-bond geometry (A, °) 


D — H—A 




D — H 


U-A D-A 


D — H—A 


C15— H15-N1 1 




0.93 


2.61 3.437 (6) 


148 


C22— H22-N1 




0.93 


2.59 3.445 (4) 


153 


C56— H56-N1 




0.93 


2.68 3.523 (4) 


151 



Symmetry code: (i) -x+2, -y+2, -z+1. 
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